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DESCRIPTION  OF 

DEFICIENCY  AND  CONSTRUCTION  PRIORITY  FORMULA 

In  19^+3  and  the  early  part  of  I9I4I4  State  and  Public  Roads  Highway- 
Planning  Survey  personnel  devoted  a  great  deal  of  time  and  study  to  the 
development  of  a  formula  which  would  show  the  deficiency  of  a  highway  in 
percent  as  well  as  the  construction  priority  of  any  particular  section. 
A  formula  was  finally  developed  which  we  believe  approximately  accomplishes 
these  purposes.   The  formula  has  been  given  extensive  study  and  has  been 
used  in  practice  for  several  years  and  minor  revisions  and  improvements 
have  been  made  from  time  to  time. 

The  following  explanation  covers  the  formula  as  now  in  use. 

Priority  rating  ?  (ADT)5/^  (a  +  B  +  C  +  3D  +  3E  V  F)  l/lO 
%   of  deficiency  =(AfB*-C«-3D+3E*F)  l/lO 
Maximum  %   of  deficiency  =  100^ 

All  calculations  are  on  a  percentage  basis  showing  percent  of  deficiency. 

A  =  %   Grade  deficiency 

B  =  %  Alignment  deficiency 

C  -  %  Sight  Distance  deficiency  (vertical  and  horizontal) 

D  r  %   Surface  deficiency  (width  and  thickness) 

E  -   %   Base  deficiency  (wxdth  and  thickness) 

F  =  %   Roadbed  width  deficiency 

ADT  =  12576  of  the  19U7  average  daily  traffic  which  is  the  estimated 
ADT  for  1965. 
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EXAMPLES 

A  -  Length  substandard  grades  -  2112 ' 

Length  of  section  -  I4  mio  -   21120' 

2112/21120  =  .10  or  10$  -  If  no  road  exists,  use  100$ 
B  -  Length  substandard  curvature  -   1+500' 

Length  of  section  -   1+  mi.  -   21120 ' 

1+500/21120  =  „21  or  21$ 

If  no  road  exists ,  use  100$ 
C  -  Arbitrarily  allow  5$  f°r  each  substandard,  sight  distance  per  mile. 

No.  of  substandard  vertical  sight  distances  In  section,  12 

No.  of  substandard  horizontal  sight  distances  in  section,  8 

Length  of  section  a  1+  miles 

20/4  =  5  B  average  No0  per  mile  3  25$ 

If  no  road  exists,  use  100$ 
D  -  Existing  Surface  -  l"  x  16'  -  16,  needed  3"  x  22>  -  66 

Deficiency  -  50/66  =  .76  or  76$ 

If  no  surface  exists,  or'  if  no  road  exists,  use  100$ 
E  -  Existing  b,  sa  =  3"  -  Total  required  0" 

Deficiency  =  5"  -  63$ 

If  no  base  exists  or  if  no  road  exists,  use  100$ 
F  -  Existing  width  =  16 '  -  Required  width  1+0' 

Deficiency  =  2U'  =  60$ 

If  no  road  exists,  use  100$ 
Priority  factor  =  (aDT)3/5  (l0  ♦  21  4-  25  •«■  3  x  76  *  3  x  63  f  60)  l/lO  = 

(ADT)V5  x  ^.3    53«3$  =  Weighted  deficiency  of  road 

To  facilitate  coding  and  machine  operations  the  following  formula  is  used: 
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F  =  (1.25V)3/5  (I**!   +  °°^D  +  C)  ^CWT  -  Utfj)  (B-Bj)   R^)^ 

v    y       (Li^  Li       L       ^    WT        9  B       R  ) 

Where 

F  =  Priority  r at ing  factor. 

V  =  Average  annual  2l|.-hr.  traffic  for  19 1+7 • 

fi  r  Total  length  of  excessive  grades  in  feet  a 

L-,r  Total  length  of  road  under  consideration  in  feet. 

Factor  G    When  G  is  zero  leave  the  factor  out,  and  when  no  grading  has 
Tf±        been  done  Code  1.00  or  100$. 

D]_  z   Total  length  of  deficient  horizontal  curves  in  feet* 

Factor  D]_   When  D-.  is  zero  leave  the  factor  out,  and  when  no  grading  has 
L]_   been  done,  code  1.00  or  100/&. 

D  ■  Total  number  of  deficient  horizontal  curves. 

C  =  Total  number  of  deficient  vertical  curves. 

L  -  Total  length  of  road  under  consideration  in  miles  to  the  nearest 
thousandth.   Example:  14.176  miles 

Factor  . 05  (D  ♦  C)   When  (D  ■+•  C)  equals  zero  leave  the  factor  out  and 
L        when  no  grading  has  been  done,  code  1.00  or  100%. 
Note:  Each  deficient  curve  per  mile  is  given  a 
value  of  5%»      The  total  value  of  this  factor  is 
never  to  exceed  1,00  or  100% 

W  -  Required  width  of  surfacing  to  the  nearest  foot. 

W^r  Present  width  of  surfacing  to  the  nearest  foot. 

T  -   Required  thickness  of  surfacing  in  inches  to  the  nearest  tenth. 

T]_r  Present  thickness  of  surfacing  in  inches  to  the  nearest  tenth. 

Factor  ?(WT  -  W]_T]_)    When  (WT  -  W^T]^)  equals  zero,  leave  the  factor  out. 
(   WT~~  ~ T   This  factor  represents  the  surfacing  on  the  road  and 
is  multiplied  by  3  to  give  it  more  weight.  We  have 
found  in  the  study  of  the  formula  and  the  computing 
of  priority  ratings  on  thousands  of  sections  of  road 
that  surfacing  and  base  have  more  to  do  with  the  neces- 
sity and  demand  for  reconstruction  and  improvement  than 
any  other  defect  in  the  road.  The  maintenance  department 
has  more  complaints  when  the  surface  is  in  poor  condi- 
tion than  when  the  road  is  narrow,  crooked  or  steep 
grades  exist. 
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B  =  Required  thickness  of  base  in  inches  to  the  nearest  tenth. 
B-|=  Present  thickness  of  base  in  inches  to  the  nearest  tenth. 

Factor   (B-Bi)   When  (B-B]_)  is  zero,  leave  the  factor  out.   This  factor, 
(  B   )   which  represents  the  base,  was  also  multiplied  by  3  "to 
give  it  more  weight. 

R  =  Required  width  of  roadbed  at  grade  to  the  nearest  foot. 

R-j=  Present  width  of  roadbed  at  grade  to  the  nearest  foot. 

Factor  R-R-]       When  (R-R-|_)  equals  zero,  leave  the  factor  out. 
R 

The  formula  might  be  written  as  follows: - 

Factor  =  Traffic  (Grade  •*-  Alignment  +-  Sight  Distance  *■  Surfacing  +  Foundation  ♦ 

Roadbed  in  Percent  )  l/lO 

A  brief  description  of  the  factors  follows: 

"V",  the  traffic  factor,  is  based  upon  19i47  traffic  multiplied  by  125%  to 
represent  estimated  traffic  for  1965  and  the  volume  that  should  be  used  for 
design  purposes.   This  assumes  that  the  traffic  will  increase  at  about  the 
same  ratio  that  it  did  before  19^47 •   This  will  probably  not  be  true  but  we 
can  adjust  the  factor  each  year  when  we  make  up  new  tables.   The  minimum 
traffic  used  for  any  road  is  100. 

It  was  necessary  to  make  up  the  formula  using  annual  average  2i_|.-hour 
traffic  as  all  Montana  data  and  traffic  flow  maps  are  compiled  upon  this  basis. 
Studying  the  records  from  the  automatic  counters  it  was  found  that  the  thirtieth 
maximum  traffic  hour  of  20  represented  an  annual  average  2l4-hour  traffic  of  about 
200.  Forty  represented  about  J4OO,  etc.   This  is  not  absolutely  true  but  the  varia- 
tion is  so  small  that  it  does  not  materially  affect  the  results  obtained  from 
the  formula. 

We  applied  this  formula  to  all  primary  roads  in  the  State  and  found  that  a 
road  with  an  estimated  100  vehicles  per  day  and  an  85%  deficiency  had  such  a 
small  priority  factor  that  it  would  never  be  improved  when  compared  with  a  road 
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that  had  3,500  vehicles  per  day  and  10%  deficiency*   We  therefore  introduced 
another  factor  into t he  formula  by  taking  the  3/5  power  of  the  traffic.  This 
gives  mere  weight  to  the  traffic  on  small  traffic  roads  and  less  weight  to 
the  traffic  on  large  traffic  roads,  and  in  the  case  of  the  above  example 
makes  the  two  roads  have  about  equal  priority.   Applying  this  formula  to  all 
primary  roads  in  the  State  seems  to  give  a  more  equitable  priority  number  to 
all  roads.   The  3/5  power  of  the  traffic  seems  to  fit  the  conditions  in  Montana 
but  other  states  can  change  this  to  meet  their  requirements,  or  eliminate  it 
altogether. 

£.         is  the  gr^de  deficiency  factor  and  the  numerator  is  the  sum  of 
all  grades  that  exceed  the  -.3 sign  standard,   -^ach  grade  is  com- 
puted separately,  taking  the  distance  between  tangent  intersections 
and  subtracting  one-quarter  of  the  length  of  each  vertical  curve. 

Z.1  is  the  alignment  factor  and  the  numerator   is  the  sum  of  the  lengths 

Ll 

of  all  curves  that  exceed  the  design  standard  taken  from  P.C.  to  P.T 

.05  (D  *•  C)   is  the  sight  distance  factor  and  the  numerator  is  the  sum  of  all 
L 

convex  vertical  curves  that  are  less  than  the  design  standard  plus 

the  sum  of  all  horizontal  curves  that  are  greater  than  the  design 

standard.   Each  curve   ei;   counted  as  one  with  a  maximum  of  20 

per  mile. 

(WT  -   W^T-^J      is  tVie    surfacing   factor   and    is   the   ratio  of   deficiency  that  the 
-         WT 

present    surface  has  to  the   required  design. 

B  -  B 

1      is  the  foundation  factor  and  is  the  ratio  of  deficiency  that  the 

B 

present  base  has  to  the  required  base. 

R  -  Ri 

1      is  the  roadbed  factor  and  i  s  the  ratio  of  deficiency  that  the 

-~n — 

present  width  of  roadbed  bears  to  the  required  width. 
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Before  any  computations  are  made  we  rate  each  piece  of  road  "good",  "fair", 
"poor",  or  "worn  out",  according  to  the  present  condition  of  the  surfacing  and 
base.   This  rating  is  based  upon  the  last  report  of  the  Public  Roads  maintenance 
engineer  after  he  has  made  his  maintenance  inspection.   We  feel  that  in  this  way 
we  get  away  from  any  personal  c lassif ication  that   might  be  made  by  a  State  High- 
way employee  and  get  as  unbiased  an  opinion  as  possible.   Where  a  road  is  classi- 
fied as  "good"  we   ive  full  value  to  the  present  surfacing  and  base.   Where  the 
road  is  classified  as  "fair"  we  give  2/3  value.   Where  it  is  classified  as  "poor" 
we  give  1/3  value,  and  where  it  is  classified  as  "worn  out"  we  give  zero  value.. 
Por  instance,  where  the  section  in  question  has  3"  "top  and  6"  base  and  is  classi- 
fied as  "poor"  we  use  l"  for  top  and  2"  for  base  in  the  formula.   Roads  that  were 
not  constructed  bv  the  State  or  Public  Roads  Administration  are  given  credit  in 
the  same  way  for  bhe  surfacing  and  base  now  on  the  road.   In  this  way  we  feel 
that  we  have  taken  care  of  the  obsolescence  due  to  traffic  wearing  out  the  sur- 
face and  destroying  the  base.   We  believe  that  the  computed  deficiency  rating 
is  as  near  a  true  arithmetic  determination  as  it  is  possible  to  obtain. 

The  entire  State  was  carefully  studied  before  assigning  the  l+O-mile  design 
speed  category  to  a  section  of  road,  and  as  a  result  we  have  only  167.8  miles 
of  road  in  the  entire  State  designed  for  a  LiO-mile  speeds  These  sections  are 
all  in  the  mountains  where  cost  would  be  prohibitive  to  design  for  a  60-mile 
speed. 

In  working  up .  the  formula,  mainlon;-  rue  costs  were  considered  as  one  factor 
but  this  was  eliminated  later  since  we  could  not  assign  a  definite  maintenance 
cost  to  any  short  section  of  ro..  .   The  political  question  also  entered  main- 
tenance figures,  which  complicated  the  determination  of  the  actual  maintenance 
costs.   We  e    I  believe  that  maintenance  costs,  if  reliable  figures  were 
available,  should  be  one  factor  in  the  formula* 
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All  the  data  given  on  the  computation  sheets  are  now  punched  on  alphabetical 
and  numerical  cards;   we  can  then  t abulate  the  information  as  desired.   The 
tables  now  being  used  list  the  value  of  each  of  the  six  deficiency  factors  for 
each  section  of  road,  so  that  one  can  see  at  a  glance  just  what  item  or  items 
on  each  project  are  deficient,  and  to  what  extent.   Without  any  additional 
work,  tables  can  be  prepared  in  any  order  desired,  by  project  number,  by  de- 
ficiency, by  priority  number,  by  route,  etc, 

When  tabulations  are  prepared   in  order  of  priority  o  r  deficiencies  they 
are  marked  off  into  groups  by r ed  lines  to  facilitate  locating  or  reporting 
the  standing  of  any  project.   *'or  instance,  priority  tabulations  for  I9I48 
were  broken  into  four  equal  categories  on  a  mileage  basis.   Deficiency  tabula- 
tions were  broken  into  six  categories,  but  on  a  percentage  basis  as  that  is  the 
only  method  that  can  be  used  to  reflect  the  actual  condition  or  deficiency 
standing  of  a  group.   Equivalent  Deficient  Mileage  or  Deficient  Mileage  as 
shown  in  the  tabulation  represents  the  length  of  a  project  multiplied  by  its 
percent  of  deficiency.   Both  priorities  and  deficiencies  can  be  plotted  in 
colors  on  state  maps  thus  reflecting  at  a  glance  the  overall  condition  of 
the  syste".  but  due  to  the  large  amount  of  work  involved  this  has  not  been 
done  recently. 

Practically  all  Highway  Engineers  charged  with  the  responsibility  of 
the  administration  of  the  State  Highway  System  and  selection  of  projects 
needing  improvement,  have  stated  that  it  is  surprising  how  closely  the 
formula  reflects  actual  conditions  on  the  ground.   However,  it  should  be 
emphasized  that  the  formula  is  only  intended  to  be  used  as  an  aid  and  a 
check  in  selecting  projects  for  programming  as  in  the  final  analysis  de- 
pendence must  be  placed  on  field  inspections  and  engineering  judgement. 
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It  is  probable  that  the  formula  can  be  further  improved  by  future  ap- 
lication  but  to  date  it  has  been  o  f  great  value  to  the  State  in  allocating 
funds  to  the  twelve  financial  districts  according  to  the  State  law.   It  is 
also  proving  of  value  in  showing  how  traffic  will  affect  the  design  and  stan- 
dards applicable  to  different  sections  of  road. 

In  working  up  the  formula  we  took  into  consideration  the  cost  of  construc- 
ting or  reconstructing  each  section  of  road,  but  we  finally  eliminated  this 
factor  from  the  formula  as  we  believe  that  these  costs  are  neither  a  measure 
of  deficiency  nor  a  measure  of  the  need  for  improvement.   We  are  convinced 
that  it  is  impracticable  to  include  construction  costs  in  the  formula  due  to 
several  very  obvious  reasons,  such  as  traffic  hazards  that  should  be  elimi- 
nated regardless  of  cost,  and  exceptionally  high  cost  bottlenecks  in  the 
middle  of  long  sections  already  improved,  etc.   Projects  of  this  kind  may 
never  reach  the  top  of  a  priority  list  as  many  other  projects  may  have  higher 
traffic  and  lower  costs. 

However,  after  a  priority  list  has  been  established  it  becomes  an  en- 
gineering and  administrative  problem  to  determine  which  of  those  projects 
at  the  top  of  the  list  should  be  constructed  first. 

Costs,  will,  of  course,  have  to  be  taken  into  consideration  in  detei — 
mining  the  overall  financial  requirements  of  the  State.   But,  above  all, 
the  most  valuable  information  shown  by  the  formula  is  the  existing  defi- 
ciency of  every  project  on  the  F.Ao  System. 

The  standards  adopted  for  comparing  each  section  of  road  were  those 
approved  by  the  American  Society  of  State  Highway  Officials,  or  better. 
While  they  have  set  up  ^0 ,   I4O,  50 ,    60  and  70  miles  per  hour  speed  classi- 
fications we  have  used  only  the  I4O  and  60  miles  per  hour  speeds  as  applied 
to  mixed  traffic.   The  variations  in  design  for  the  different  speeds  and 
kind  of  traffic  were  so  minor  that  we  did  not  feel  justified  in  setting  up 
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other  speed  categories.   All  Montana  traffic  can  be  classified  as  mixed* 

One  of  the  principal  advantages  of  the  formula  is  that  it  eliminates 
the  personal  equation  in  setting  up  construction  programs  as  the  factors 
used  are  strictly  mathematical  and  are  based  entirely  on  the  current  physi- 
cal condition  of  the  road.   The  only  place  in  the  formula  where  the  personal 
equation  might  enter  is  in  determining  the  present  condition  of  the  surfacing 
and  foundation.   However,  as  stated  previously  we  eliminated  all  State  pre- 
judice by  basing  this  factor  upon  the  maintenance  reports  made  by  the  Public 
Roads  representative  on  his  biennial  maintenance  inspections. 
The  formula  is  being  used  in  three  practical  ways: 

1.  To  d et ermine  deficiency  of  the  Federal  Aid  system  in  total  and  by 
sections. 

2.  In  making  up  all  construction  programs  a  list  of  projects  is  submitted 
by  the  Maintenance  department,  one  by  the  Bridge  Department,  and  one 
by  the  Planning  Survey,  the  latter  being  based  upon  the  priority 
ratings.   These  are  carefully  gone  over  by  a  committee  consisting  of 
the  Chief  Engineer,  the  Bridge  Engineer,  the  Maintenance  Engineer, 

the  Planning  Survey  Director 3  and  the  Secretary  of  the  Highway  Com- 
mission and  a  program  set  up.   After  all  factors  have  been  given  due 
consideration  it  is  required  that  all  projects  be  selected  from  the 
first  priority  group  unless  extraordinary  reasons  can  be  advanced 
justifying  selection  of  certain  projects  with  lower  priority. 

3.  The  State  law  requires  that  the  amount  of  funds  used  for  construction 
shall  be  distributed  to  each  financial  district  on  the  ratio  of  the 
uncompleted  mileage  in  each  financial  district  to  the  total  uncompleted 
mileage  in  the  State,  and  this  ratio  is  determined  entirely  by  use  of 
the  deficiency  and  priority  formula. 

Tables  of  design  and  sight  distance  data  are  attached  together  with  a  copy 
of  the  code  and  computation  sheet  now  being  used  in  practice. 
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